WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (P^T) 



(51) International Patent Classification 7 
G01S 



A2 



(11) International Publication Number: 
(43) International Publication Date: 



WO 00/37960 

29 June 2000 (29.06.00) 



(21) International Application Number: PCT/US99/30840 

(22) International Filing Date: 23 December 1999 (23.12.99) 



(30) Priority Data: 
09/221,179 



23 December 1998 (23.12.98) US 



(71) Applicant: NAVOX CORPORATION [US/CA]; do C-MAC 

Industries Inc., 3000 Industrial Boulevard, Sherbrooke, 
Quebec J1L 1V8 (CA). 

(72) Inventors: HILLMAN, Robert, L.; 27301 Westridge Lane, 

Laguna Hills, CA 92653 (US). DORR, Barry, L.; 2640 
Marquita Place, Carlsbad, CA 92009 (US). 

(74) Agent: ALTMAN, Daniel, E.; Knobbe, Martens, Olson & Bear, 
LLP, Sixteenth Floor, 620 Newport Center Drive, Newport 
Beach, CA 92660-8016 (US). 



(81) Designated States: AE, AL, AM, AT, AT (Utility model), AU, 
AZ, BA, BB, BG, BR, BY, CA, CH. CN, CR, CU, CZ, CZ 
(Utility model), DE, DE (Utility model), DK, DK (Utility 
model), DM, EE, EE (Utility model), ES, FI, FI (Utility 
model), GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, 
JP, KE, KG, KP, KR, KR (Utility model), KZ, LC, LIC, 
LR, LS, LT, LU, LV, MA, MD, MG, MIC, MN, MW, MX, 
NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SK (Utility 
model), SL, TJ, TM, TR, IT, TZ, UA, UG, UZ, VN, YU, 
ZA, ZW\ ARIPO patent (GH, GM, KE, LS, MW, SD, SL, 
SZ, TZ, UG, ZW), Eurasian patent (AM, AZ, BY, KG, KZ, 
MD, RU, TJ, TM), European patent (AT, BE, CH, CY, DE, 
DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), 
OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN, GW, ML, 
MR, NE, SN, TD, TG). 



Published 

Without international search report and to be republished 
upon receipt of that report. 



(54) Title: VEHICLE TRACKING AND SECURITY SYSTEM INCORPORATING SIMULTANEOUS VOICE AND DATA COMMU- 
NICATION 




f03 



(57) Abstract 

A system that tracks and monitors a vehicle by utilizing cellular communication componentry and global positioning system 
componentry is disclosed. The system provides for simultaneous and continuous transmission of a voice signal and location data to a 
monitoring center. The monitoring center comprises componentry to communicate with the vehicle and determine the vehicle's location on 
a digitized map using a computer. 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spam 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


Fl 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


A2 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UC 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


a 


Cote d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


IX 


Saint Lucia 


RU 


Russian Federation 






DB 


Germany 


U 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 00/37960 



PCT/US99/30840 



VEHICLE TRACKING AND SECURITY SYSTEM 
INCORPORATING SIMULTANEOUS VOICE AND 
DATA COMMUNICATION 

Field of the Invention 

The present invention relates to a vehicle communication, tracking and security system, which utilizes a 
communication link over a cellular network to simultaneously transmit both voice and GPS vehicle location data. 

Racknround of the Invention 

Since the early part ol this century, the automobile has become a major part of the culture both in the U.S. and 
throughout the world. The independence, freedom, and rapid travel that automobiles provide, however, has also resulted in 
an individual becoming lost, involved in accidents, and becoming victims of crime. By way of specific example of the latter, 
when an individual traveling in a vehicle experiences mechanical failure, they encounter a potentially dangerous situation 
because of the high crime rate in an area or unfortunate random acts of violence which occur upon the freeway and road 
systems. Likewise, vehicle theft is an ever-increasing problem with vehicles being stolen for personal use or parts. A new 
criminal trend has recently emerged known.as carjacking wherein a vehicle is physically taken while being operated. 

The prior art includes a number of systems that allow a vehicle's occupant to obtain assistance if such 
assistance is needed, or to track the vehicle in the event of theft. See, e.g. U.S. Patent No. 5,043,736 to Darnell, et al„ 
U.S. Patent No. 5,223,844 to Mansell, et aL, U.S. Patent No. 5,557,254 to Johnson, et al. These systems all share the 
same basic concept, that is, placing global positioning system (hereinafter GPS) in a vehicle to transmit the received GPS 
signals from the vehicle to a monitoring center over a cellular telephone link or pager system network. These systems are 
comprised of various components. Some have a GPS receiver located in the vehicle. The GPS receiver obtains GPS signals 
from satellites in orbit around the earth and, upon obtaining these signals, uses signal processing techniques to determine 
the GPS receiver's location. Also located in the vehicle is a communication device to transmit the GPS signal from the 
vehicle. These communication devices include cellular transmission systems, pager systems or radios. Finally, a base 
center or monitoring center receives the GPS signal from the vehicle, and processes the information to determine the 
position of the vehicle. However, each of these prior art systems has significant drawbacks relating to both the manner in 
which they provide verbal communication between the operator of the vehicle and the monitoring center and the manner in 
which the GPS data is transmitted between the automobile and the monitoring center. 

Summary of the invention 

The present invention provides a significantly improved system that integrates the communication capabilities of 
a cellular telephone system with the geographic locating capabilities of Global Positioning Systems (GPS). The two 
technologies are mated in a vehicle tracking and communication system providing for simultaneous transmission of voice 
and data such that an operator of a vehicle may maintain continual voice communication with a monitoring center with the 
GPS processor and/or vehicle sensors simultaneously transmitting data to the monitoring center. 

In particular, the invention comprises a single system, which, for ease of explanation, is discussed in two 
separate segments. The two segments communicate over a cellular telephone link. The first segment of the invention is in 
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a vehicle. The first segment includes a mobile unit, cellular telephone componentry and optional vehicle sensors and ' 

optional remote operation devices. 

The mobile unit contains a GPS receiver that continually obtains information from GPS satellites in orbit around 
the earth. These satellites transmit information which; when received and processed, provides the geographic location of 
5 the unit receiving the signals. Based on this information, a vehicles position is determined. 

In addition to GPS location data, the vehicle's sensor devices provide data to the communication device. The 
vehicle sensors monitor the vehicle for verious occurrences such as break-in, theft, towing, accident, excessive distance 
traveled, user controlled speed violations, geographic boundary violations, or conversation monitoring. Data indicating the 
occurrence of an event combines with the voice signal. 
10 Upon receiving and processing the mobile unit data (GPS location data and/or the sensor device data), a digital 

signal processor (OSP) combines the mobile unit data with a vehicle occupant's voice signal, if present. If the telephone is 
not receiving voice data, the mobile unit data is sent alone. 

The cellular telephone transmits the combined signal over the cellular telephone network to the second segment 
of the invention, the monitoring center. During the call to the monitoring center, the GPS receiver continuously provides 
1 5 GPS data to the signal processor for insertion into the outgoing signal. 

The monitoring center has a communication device similar to the mobile unit, absent the GPS receiver; a 
telephone; a computer with tracking software and digitized maps, and a computer display to provide a visual 
representation of the map and the vehicle's location thereon. 

An incoming call undergoes a filtering process by a monitoring center DSP to separate the mobile unit data from 
20 the voice portion of the signal. The electronics route the voice portion of the signal to the telephone so that an operator or 
multiple operators at the monitoring center may converse with the vehicle's occupants. Tha electronics route the data 
portions of the signal to the computer. The computer, in conjunction with the software and digitized maps, process the 
data to display a graphical representation of a map and the vehicle's location thereon. Since the GPS data is continually 
and simultaneously being sent during the call, the operator at the monitoring center is able to track the movement of the 
25 vehicle during the conversation. The computer also displays vehicle sensor data. 

In addition to verbal communication, in one embodiment of the invention, the monitoring center actually controls 
the vehicle's remote operation devices with the computer. For example, the monitoring center can automatically stop 
operation of the vehicle's engine, honk the horn, turn the fights on, or start the car to charge the battery. The monitoring 
center's DSP filters and combines the voice of the monitoring center operator with data information from the computer. 
30 The monitoring center operator is thus able to provide directions or other information to the vehicle's operator or 
occupants, and control the remote operation devices. 

Advantageously, the claimed invention overcomes drawbacks of prior vehicle tracking and communication 
systems by incorporating in one communication signal simultaneous transmission of voice and data. The system 
simultaneously transmits voice and data by filtering out a narrow notch of the voice signal centered at a desired frequency, 
35 such as, for example, 2500 Hz. The digital signal processor then shapes the mobile unit data to fit within the notch at 
2500 Hz in the voice signal. The two signals combine to create the single signal sent out over the cellular telephone 
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network. Th8 combined signal generally mirrors the original voice signal. This feature makes the present invention 
compatible with any cellular, radio, microwave, or telephone system. This is a significant advantage over systems of the 
prior art, which require special telephone system configurations to operate. A separate wideband data mode, wherein 
voice communication is suspended, is also provided. In one embodiment, the data channel provided in the combined 
5 data/voice mode is used as a control channel to initiate the wideband mode. 

A processor in the mobile unit provides low-power mode of operation by shutting down various portions of the 
mobile unit (such as the BPS receiver and the cellular transmitter) to conserve power. In one embodiment, power-up from 
the low power mode is provided by a variable wake-up window feature. 

In one embodiment, the mobile unit, while in low power mode, listens to radio frequencies in a pager frequency 
10 band. The monitoring station tells the mobile unit to power-up by sending a message to the mobile unit using the pager 
frequency band. 

Upon reception by a receiving unit, the signal is again filtered to separate the data information from the voice 
information. The voice information, although missing a small amount of voice information at 2500 Hz, does not noticeably 
suffer from signal degradation because the amount of data removed from the voice signal is insignificant. Further, the 
1 5 2500 Hz frequency at which this notch occurs is chosen to minimize degradation of the voice signal's quality. 

Further enhancing the operation of the present invention is continual transmission of GPS location data. 
Continual transmission of the GPS location data to the monitoring station allows a technician at the monitoring station to 
continually track on a digitized map the movement, in real time, of the vehicle. Continual transmission of the GPS location 
data is achieved, in part, because of the novel method of packaging the GPS location data sent over the telephone 
20 network. 

Advantageously, the present invention arranges the data signal differently then most modem communication 
configurations. Generally, communication by modem incorporates introductory preamble and synchronization information 
to synchronize the relational^ larger amounts of data passing between the sending and receiving devices. However, in the 
present invention, small but continual bursts of GPS data are sent. The communication device of the present invention 

25 disposes with the preamble and the synchronization information and instead begins by sending packets or payioads of 
mobile unit data. After receiving a packet, the signal processor synchronizes and demodulates the information. This 
method reduces the time and bandwidth requirements for sending small payioads of information and thereby improves the 
quality of the received voice signal. 

The present invention also overcomes the complications resulting from echo introduced by telephone service 

30 providers. The echo is undesirable when sending voice and data simultaneously, as in the present invention. The present 
invention overcomes this hurdle through the use of an interrupt detector in the mobile unit and the monitoring station. The 
interrupt detector synchronizes data transmission to briefly cease transmission from the mobile unit if the monitoring 
station needs to send a brief activation signal to the vehicle's remote operation devices. This feature overcomes the 
disruption of data caused by telephone system echo. 

35 Another important advantage is that it provides a monitor on the unattended automobile without requiring a 

substantially disabling draw on the automobile battery. As described below, the preferred embodiment includes a "sleep" 
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mode with a negligible current drain. Periodically, the system is momentarily "wakened" to determine if any intervention 
activity has occurred so that an alarm message is automatically sent from the vehicle to the monitoring center. 

Further objects, features, and advantages of the present invention over the prior art will become apparent from 
the detailed description that follows, when considered with the attached figures. 
5 Brief Description of the Drawings 

FIGURE 1 is a broad overview of the system of the present invention. 

FIGURE 2 illustrates a vehicle incorporating various vehicle sensors and remote operation devices. 

FIGURE 3 is a perspective view of the outside of the mobile unit of the present invention. 

FIGURE 4 is a basic flow diagram of the signal processing in the mobile unit of the present invention. 
1 0 FIGURE 5A is a graph illustrating the voice signal after filtering. 

FIGURE 5B is a graph illustrating the mobile unit data or the data to the remote operation devices. 

FIGURE 5C is a graph illustrating the combined signal which comprises the filtered voice signal and the vehicle 
sensor data and/or the remote operation device data. 

FIGURE 6 is a hardware block diagram that illustrates the basic layout of the internal componentry of the mobile 

15 unit. 

FIGURE 7 is a basic flow diagram of the signal processing in the monitoring center. 
FIGURES 8A and 8B are a flowchart illustrating the operation of the present invention. 
FIGURE 9A illustrates the configuration of transmitted data of the prior art. 
FIGURE 9B illustrates the configuration of transmitted data of the present invention. 
20 FIGURE 1 0 is a block diagram of the transmission request monitoring loop of the present invention. 

FIGURE 1 1 is a plot showing average current as a function of the number of days since the last communication 
with the base station. 

FIGURE 12 illustrates circuit for a soft limiter. 

FIGURE 13 is a plot showing output voltage as a function of input voltage for the soft limiter shown in Figure 

25 12. 

FIGURE 14 is a block diagram that illustrates operation of the mobile unit using a wideband data mode. 
FIGURE 15A is a graph illustrating the spectrum of the transmitter voice signal after filtering. 
FIGURE 15B is a graph illustrating the spectrum of the transmitter data signal. 

FIGURE 15C is a graph illustrating the combined transmitter signal that includes the filtered voice signal and the 
30 vehicle sensor data and/or the remote operation device data. 

FIGURE 15D is a graph illustrating the spectrum of the received voice signal after filtering, in a compressed 
digital voice system. 

FIGURE 15E is a graph illustrating the spectrum of the received data signal, after filtering, in a compressed 
digital voice system. 

35 FIGURE 16 is a graph illustrating the high band and the low band. 
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Detailed Description of the Preferred Embodiment 
Figure 1 illustrates a broad overview of the system of the present invention. The system of the present 
invention simultaneously transmits voice and GPS location data from a vehicle 10, to a cellular site 14, and eventually, via 
land based telephone lines 70, to a monitoring center 12. The location data is obtained from signals 32 sent from a 
5 constellation of Global Positioning System (GPS) satellites 30. 

For ease of explanation, the present invention is discussed in two segments. The first segment comprises the 
componentry contained on the vehicle 10. The second segment comprises the componentry contained at the monitoring 
station 12. 
The Mobile Unit 

10 Figure 2 illustrates the first segment of the present invention comprising componentry contained in the vehicle 

10. A mobile unit 20 serves as a central processor for receiving inputs from various vehicle sensors and providing outputs 
to various remote operation devices. The basic connections to the mobile unit 20 include a standard cellular telephone 
handset 39, a standard cellular telephone mobile transceiver 68, and a GPS antenna 44. A cellular telephone antenna 40 is 
connected to cellular transceiver 68. 

1 5 Figure 2 also shows additional features of the present invention that include a number of embodiments in which 

various vehicle sensors connect to, and send messages to, the mobile unit 20 without inhibiting voice communication. 
Referring to Figure 2, embodiments of the invention can include any or all of the following sensors: an open door sensor 
250; an engine running sensor 252; a speed/distance sensor 254; a trunk open sensor 256; a motion/tilt sensor 258; a 
battery charge sensor 260; and a silent assistance request sensor 262. These devices provide information to the mobile 

20 unit 20, which processes and transmits the vehicle sensor data to the monitoring center 1 2. 

Figure 2 further shows additional features of the present invention that include embodiments for providing for a 
number of remote operation devices connecting to the mobile unit 20. The remote operation devices interact with various 
vehicle componentry to provide for control of certain vehicle functions by remote signals from the monitoring center 12. 
Possible remote operation devices include: a door unlock device 266; an engine ignition device 268; a horn energization 

25 device 270; a head lamp energization device 272; an engine kill device 274; and an open trunk device 276. 

Connecting to the mobile unit 20 are the general components of a cellular telephone. The cellular telephone 
componentry separates into three general sections; the handset 39, the cellular transceiver 68 comprising a cellular 
processor, transmitting and receiving circuitry, and the automobile cellular antenna 40. In addition to or alternatively, a 
push button (not shown) connects to the mobile unit 20 to provide fast, hidden and simple means to establish an 

30 emergency communication link with the monitoring center 12. Alternatively, the cellular handset may be built into the 
automobile 10. 

Figure 3 illustrates a basic set of connectors provided by the mobile unit 20. The mobile unit 20 includes a 
handset jack 80, and a transceiver jack 82. The cellular handset 39 connects to the handset jack 80. The cellular 
transceiver 68 connects to a jack 82. The GPS antenna 44 connects to an antenna port 84 while vehicle sensors and 
35 remote operation devices connect to the mobile unit 20 via a program control port 86. A power input connector 88 
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connects to 12 V DC from the vehicle battery. One skilled in the art will recognize that other connections to the mobile 
unit could be provided without departing from the spirit and scope of the present invention. 

Figure 4 illustrates the internal signal processing provided by the mobile unit 20. The mobile unit 20 includes a 
GPS receiver 26 which is connected through the antenna port 84 (Figure 3) to the GPS antenna 44. The mobile unit 20 
also contains a Digital Signal Processor (DSP) 94 comprising a network interface function block 83, a Bandpass Filter 
(BPF) 71, a Binary Phase Shift Keying (BPSK) modulator 69, an adder 58, a notch filter 74, a notch filter 76, a bandpass 
filter 81 and a BPSK demodulator 78. 

An output of the GPS receiver 26 is connected to an input of a PIC microprocessor 27. Various external vehicle 
sensors and devices 28, and various remote operation devices 50 are also connected to the PIC processor 27 through the 
program control port (network interface) 86. A serial I/O port on the PIC processor 27 is connected to a serial I/O port on 
the network interface 83. An output of the network interface 83 is connected, through the BPSK modulator 69, to the 
input of a bandpass filter 71. An output of the band pass filter 71 is connected to a first input of the adder device 58. 

A microphone 40 in the handset 39 is connected through the handset jack 80 (Figure 3) to an input of a 
microphone analog-to-digital (A/D) converter 46. Optionally, a limiter 41 is provided in the signal path between the 
microphone 40 and the microphone A/D converter 46. An output of the microphone A/D 46 is connected, through the 
notch filter 74, to a second input of the adder 58. An output of the adder 58 is connected to an input of the transceiver 
digital-to-analog (D/A) converter 123. An output of the transceiver D/A is connected to an analog input of the cellular 
transceiver 68. An analog output of the cellular transceiver 68 is connected to an input of a transceiver A/D 122. An 
output of the transceiver A/D 122 is connected to an input of the bandpass filter 81 and to an input of the notch filter 76. 
An output of the notch filter 76 is connected to an input of a speaker D/A 48 and an output of the speaker D/A is 
connected to a speaker 42 in the handset 39. 

An output of the bandpass filter 81 is connected to an input of the BPSK demodulator 78 and an output of the 
BPSK demodulator is connected to an input of the network interface 83. 

Figure 4 also shows spectral waveforms for various signals found in the mobile unit 20. Waveform 55 shows a 
spectrum of the voice signal at the input of the notch filter 74. Waveform 57 shows a spectrum (shown enlarged in Figure 
5A) at the output of the notch filters 94 and 76. The waveform 57 shows a band limited spectrum having a lower cutoff 
frequency of roughly 300 Hz, and an upper cutoff frequency of roughly 3000 Hz. The waveform 57 also shows a narrow 
spectral notch, approximately 200 Hz wide, at 2500 Hz. Waveform 60 shows a spectrum (shown enlarged in Figure 5B) at 
the output of the BPSK modulator 69. The waveform 60 is a narrow spectral line centered at 2500 Hz and having a 
bandwidth of approximately 200 Hz. Waveform 62 shows a spectrum (shown enlarged in Figure 50 at the output of the 
adder 58, waveform 62 being the sum of the waveforms 57 and 60. Finally, waveform 124 shows a spectrum at an 
output of the bandpass filter 81. This waveform 124 is substantially identical to the waveform 57. 

In addition, as described below, an automatic answering device, an automatic dialing device, and other electrical 
componentry used in a system of this nature are advantageously included in the mobile unit 20. 

Satellites 30 (shown in Figure 1) provide signals 32 from which the position of the mobile unit 20 is very 
accurately determined. Most commonly the systems are known as GPS receivers and processors. The present invention 
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can effectively utilize the GPS system in wide usage, however, in the future, other data location signals may be available 
and usable with this invention. The GPS receiver 26 receives the signals 32 from satellites 30. Automatic answering 
devices (not shown) can be incorporated to automatically answer calls coming from the monitoring center 12. The auto- 
answering device, in conjunction with the remote operation devices, provide for remote operation of certain vehicle 
functions by the monitoring center 12. Automatic answering devices are known by those with skill in the art and 
accordingly are not described herein. 

An automatic dialing device (not shown) enables the mobile unit 20 to automatically call the monitoring center 
12 or other entity, such as the vehicle owner, upon the occurrence of an event detected by the vehicle sensors. Automatic 
dialing devices are known by those with skill in the art and accordingly are not described herein. 

The DSP 94 processes the voice and data signals. The DSP 94 both combines the two into a voice* data signal 
for transmission to the monitoring station 12, and separates the combined voice + data signals received from the 
monitoring station into separate voice and data signals as follows: The output of the microphone D/A converter 46 is a 
sampled digital version of the analog voice signal produced by the microphone 40. As shown in the waveform 55, the 
spectrum of the voice signal is a bandpass signal having a lower cutoff frequency of approximately 300 Hz, and an upper 
cutoff frequency of approximately 3000 Hz. The notch filter 74 removes a small portion of the voice spectrum, in a 
preferred embodiment, the notch filter 74 is a 12 pole Butterworth filter, which notches out a 200 Hz wideband with a 
center frequency of 2500 Hz. Removal of such a small portion of the spectrum at 2500 Hz has been found to produce 
virtually no audible effects. The use of a Butterworth alignment minimizes group delay and thus further reduces any 
audible effects introduced by the filter. In a specific embodiment of this invention, this notch filter 74 is implemented in 
the DSP 94 as a transversa! filter, with 6 bi quadratic sections, and having a total of 320 taps. 

The network interface 83 receives, from the PIC processor 27, a serial data stream containing GPS location data 
as well as data from the vehicle sensor devices 28. The network interface provides data buffering and network data link 
and channel access services. Data link functions include packetizing the data, generating error codes, error correction, etc. 
As described below, in a preferred embodiment, the network architecture of the present invention is designed such that the 
mobile unit 20 and the monitoring center 12 do not transmit data simultaneously. The network interface 83 determines 
which unit can transmit at any given time. 

In a specific embodiment of this invention, the output of the network interface 83 is a serial data stream at 100 
Bits Per Second (BPS). The 100 BPS data is fed to the BPSK modulator 69 which modulates the signal using binary phase 
shift keying (BPSK), onto a 2500 Hz carrier. The output of the BPSK 69 is fed into the into a filter 71 which limits the 
total bandwidth of the data stream to 200 Hz. The BPSK modulator 69 comprises a modulator and Nyquist filter having 
an alpha factor of 1, such that the output of the BPSK modulator 69 is a signal centered at 2500 Hz with total bandwidth 
of 200 Hz. Thus, the spectrum of the output of the BPSK modulator 69 covers the same frequencies that were removed 
from the voice signal by the notch filter 74. The adder 58 combines the output of the notch filter 74 and the BPSK 
modulator 69 to produce a combined voice+data signal. The combined voice+data signal from the adder 58 is converted 
from digital to analog format by the transceiver D/A converter 123. 
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The output of the D/A 123 connects, via the telephone port 82 (Figure 3), to a cellular transceiver 68. The 
transceiver 68 prepares and sends the combined voice and data signal 62 via the cellular antenna 40. Currently available 
cellular telephone componentry advantageously is used to transmit this combined voice and data signal. Other 
communication devices may be used to transmit the combined signal 62 via radio signal. As shown in Figure 1, the 
combined signal 62 travels to a cellular site 14 and subsequently connects to the land-based telephone connection 70 
which feeds the signals to the monitoring center 12. 

The system thus transmits the combined signal 62 over the standard cellular radio and land based telephone 
systems to the monitoring station 12. Advantageously, the combined voice + data signal 62 appears to the standard 
cellular telephone systems as a voice only signal. This eliminates incompatibility of a signal of the system of the present 
invention with standard telephone/cellular networks. 

For signals transmitted from the monitoring station 12 to the mobile unit 20, a combined voice + data analog 
signal is sent from the monitoring center 12 using the land-based Public Switched Telephone Network (PSTN) system to 
the cellular site 14 where it is transmitted to the vehicle 10 and ultimately received by the vehicle's transceiver 68. The 
received analog voice + data signal from the transceiver 68 is converted to a digital format by the transceiver A/D 122 and 
sent to the DSP 94. In the DSP 94, the combined digital voice + data signal is fed to two separate signal paths, a voice 
signal path comprising the notch filter 76, and a data signal path comprising the bandpass filter 81 and the BPSK 
demodulator 78. 

The notch filter 76 has the same transfer function as the notch filter 74. Thus, the notch filter 76 removes a 
200 Hz portion of the combined spectrum centered at 2500 Hz. The removed portion corresponds to the data portion of 
the combined voice + data signal, leaving only the voice portion of the signal. The digital output of the notch filter 76 is 
converted to an analog signal by the speaker D/A 48 and subsequently sent to the speaker 42 in the handset 39. 

The bandpass filter 81, has a center frequency of 2500 Hz, and a bandwidth of 200 Hz. This corresponds to the 
spectrum of the data portion of the combined voice+data signal. Thus the bandpass filter 81 blocks the voice portions of 
the combined signal and outputs only the data portions. The monitoring center modulates the data in the same fashion as 
the mobile unit 20, namely, a 100 BPS, BPSK format. The output of the bandpass filter is fed into the BPSK demodulator 
78 where the data is demodulated such that the output of the BPSK demodulator 78 is a baseband 100 BPS data stream. 
In the specific embodiment, the BPSK demodulator 78 uses a Costas loop for carrier recovery and a constant slope 
detector for bit recovery. The demodulated data is sent by the network interface 83 to the PIC processor 27. 

The preferred embodiment of the invention described herein includes a modem that uses BPSK to modulate a 
data stream into a 200 Hz wide frequency band centered at 2500 Hz. One skilled in the art will recognize that bands other 
than a 200 Hz band centered at 2500 Hz could be used without departing from the spirit and scope of the present 
invention. One skilled in the art will also recognize that modulation methods other than BPSK, and filter transfer functions 
other than 12 pole Butterworth filters could also be used without departing from the spirit and scope of the present 
invention. 

In the embodiment disclosed above, the convenors 46, 48, 122, and 123 are each advantageously relatively 
inexpensive 8-bit converters operating at a sample rate of 8000 Hz, and the signal output of the BPSK modulator is 
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approximately 6db higher than the signal output of the notch filter 74. With these 8-bit converters, the signal-to noise 
performance requirements of the data signal are achieved so long as the level of the data signal is not substantially smaller 
than the level of the voice signal. In those applications in which it is advantageous to reduce the level of the data signal 
significantly, an alternative embodiment for converters 46, 48, 122, and 123 utilizes 1 0-bit converters. The output of the 

5 BPSK modulator 69 can then be much lower (-20 db or more) than the output of the notch filter 74. 

Figure 6 is a hardware block diagram of the mobile unit 20 showing details of the GPS receiver 26, the DSP 94, 
and the PIC processor 27. The GPS receiver 26 comprises a low noise amplifier (LNA) 302, an analog RF block 304, a 
correlator block 306, and an ARM processor 308. The GPS antenna 44 is connected through the antenna port 84 (Figure 
3) to an input of the LNA 302. An output of the LNA 302 is connected to an input of the analog RF block 304, and an 

10 output of the analog RF block 304 is connected to an input of the correlator 306. The correlator 306 is connected by a 
data bus to the ARM processor 308. Also connected to the ARM processor 308 are a random access memory (RAM) 310, 
an electrically programmable read only memory (EPROM) 31 2, and an erasable electrically programmable read only memory 
(EEPROM) 314. The ARM processor 308 sends data over a 1 kbit/second a synchronous serial link 316 to the PIC 
processor 27. 

15 The PIC processor 27 is connected to an EEPROM 320, and it is connected to the cellular transceiver 68 by a bi- 

directional a synchronous bus. A digital output bus of the PIC processor 27 is connected to a external output buffer 340 
comprising open collector transistors. The output buffer 340 connects to a vehicular interface 346. Also connected to the 
vehicular interface 346 are an act hi analog buffer 342 and an act low analog buffer 344. The buffers 342 and 344 are 
connected to an input bus of the PIC processor 27. 

20 The DSP 94 comprises a DSP processor 330 connected to a RAM 332 and a ROM 334. A 1 kbit a synchronous 

serial I/O port on the DSP processor 330 is connected to a similar port on the PIC processor 27 by a serial link 318. The 
DSP processor 330 is connected to an A/D-D/A compounding coder/decoder (codec) 338 and an A/D-D/A compounding 
codec 336. The codec 338 contains the microphone A/D 46 and the speaker D/A 48, the codec 336 contains the 
transceiver A/D 122 and the transceiver D/A 1 23. 

25 In the preferred embodiment, the GPS receiver is based on a 12 channel NTI/Commico GyPSy-12 receiver 

designed by Navigation Technology International. In the NTI receiver, the analog RF block 340 is a GEC Plessey GP2010 
triple-conversion syperheterodyne receiver having an IF output at 4.309 MHz, the correlator 304 is a GP2021, and the 
ARM processor 308 is an ARM60 manufactured by Advanced Risk Machines. Also in the preferred embodiment, the DSP 
processor is a Texas Instrument's TMS320C25. 

30 A significant advantage of this preferred embodiment is that it is ideally configured to minimize power 

consumption. The mobile unit 20 monitors the vehicle sensors and responds to incoming calls using power from the 
battery. To further minimize power consumption the mobile unit provides for a sleep mode (shown at block 400 of the 
flow chart of Figure 7) in which except for a minimal amount of power supplied to the ARM EPROM 312 (to maintain the 
most current GPS position data) and the PIC processor 27 (to run the sleep timer), the system shuts down thereby using 

35 approximately only 25 miliiamps of power at 9 to 16 volts. At predetermined times, in this preferred embodiment 3 to 4 
times per hour, determined by a timer in the PIC processor 27, the system exits sleep mode and "wakes up" to compare 
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current GPS signals with the stored location data in the EPROM 312. If the location has changed the system can signal an 
alarm to the monitoring center 12. If the monitoring center 12 needs to contact the mobile unit 20 while the mobile unit is 
in sleep mode, the monitoring center can call during one of the pre determined times when the mobile unit is powered up, 
i.e. awake. Advantageously, this preferred embodiment conserves power for extended periods of time, especially if the 
duration of the sleep mode is increased, yet allows for contact at pre-determined times by the monitoring center 12. 

In this preferred embodiment, the mobile unit uses three microprocessors to speed operation and further reduce 
sleep mode power consumption. One microprocessor providing the DSP 94 used in conjunction with the transceiver 68. 
The second microprocessor is the ARM processor 308 included in the location data (GPS) receiver 26. The third 
microprocessor is the PIC processor 27, which performs the monitoring operations of the sleep mode and controls the 
power to other devices in the mobile unit 20. The PIC processor 27 is advantageously selected to require a very low input 
power, so during sleep mode, only this microprocessor is operable and consuming power. 

The PIC processor 27 provides power management (not shown), vehicle data acquisition using the buffers 340, 
342 and 344. The PIC processor 27 also gathers GPS data from the ARM processor 308 over the serial link 316. The 
ARM processor 308 is the data processing engine for the GPS receiver 26, and it formats and packetizes GPS data for 
transmission to the monitoring center. The DSP processor 330 provides the signal processing needed to combine and 
separate the voice and data channels. The DSP processor also provides network functions corresponding to a physical 
access layer, a data link layer, and a media access layer. The physical access layer corresponds to the actual data 
modulation/demodulation functions. The data link layer corresponds to error correction and generation of error codes. The 
media access layer corresponds to the time division multiplexing of the data channel as discussed below in the section 
relating to echo rejection. 
The Monitoring Center 

The second segment of the invention, namely the monitoring center 12, is illustrated in Figure 7 and includes 
base unit 102, a computer 104 with display 106, and telephone 108. An automatic answering device (not shown) may 
also be included. The base unit 102 has a power supply providing electrical current to each of the components. The 
combined voice and data signal from the vehicle advantageously enters the monitoring center 12 through a multiplexed 
telephone system capable of handling multiple calls simultaneously. The call connects to the base unit 102 which in turn 
connects to an analog to digital converter (A/D) 109 which converts the analog signal from the telephone system lines 70 
to a digital signal. 

The signal processing performed at the monitoring center 12 is substantially similar to that performed in the 
mobile unit 20. In a preferred embodiment, the same circuit cards, albeit without the GPS receiver components, are used 
in the monitoring center 12 and in the mobile unit 20. Therefore, most of the discussion above relating to the signal 
processing in the mobile unit 20, and particularly in the DSP 94, applies to the monitoring center as well. 

In the monitoring center, the AfD converter 109 connects to a base unit DSP 110 which performs high order 
filtering on the signal to separate the combined signal 62 into the voice signal 57 and the mobile unit data signal 60. The 
monitoring center DSP output connects to a digital to analog converter 112 to transform the voice signal back to the 
analog domain. The digital to analog converter 112 links to the monitoring center telephone 108 which outputs the 
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reconstructed voice signal to a monitoring center technician. The voice signal 1 1 1 received by the monitoring center 
technician is generally substantially identical to the voice signal 55 sent by the mobile unit 20, i.e., the voice signal less the 
missing notch of voice information 59. 

The base unit DSP 110 connects the mobile unit data signal 60 to a PIC microprocessor 27 before feeding the 
data to the monitoring center computer 104. The computer 104 advantageously stores a plurality of digitized maps. The 
computer 104 accepts the input GPS location data from the vehicle 10 and plots the mobile unit's position on the digitized 
maps shown on the computer display 106. 

The computer 104 also advantageously contains digital information regarding the specific vehicle 10 and vehicle 
operator. The computer 104 enables the monitoring center to control the vehicle's remote operation devices as shown in 
Figure 5 and discussed previously. For example, the operator at the monitoring center 12 controls the computer 104 to 
send a signal 140 to the mobile unit 12. As in the mobile unit 20, the base unit DSP 110 shapes the remote operation 
device signal to a 200 Hz frequency band, centered at 2500 Hz. 

The monitoring center 12 also provides for the monitoring center technician to speak with the occupants of the 
vehicle 10. The microphone of the monitoring center telephone 108 connects to a base unit analog to digital converter 
118, which, in turn, connects to the base unit DSP 110. The base unit DSP 110 notch filters the voice signal and 
combines the notched voice signal with any digital data 130 from the computer 104. 

The base unit converts the signal to an analog format using a D/A converter 113, and outputs the combined 
voice and digital data signal 140 to the communication device, which connects and sends the signal onto the telephone 
network lines 70. The telephone network in turn connects to a cellular site 14, which, in turn, transmits the signal via 
radio waves to the antenna 44 of the mobile unit 20. 

At the mobile unit 20, the antenna 40 receives the received combined signal to the transceiver 68, which in turn 
connects to an analog to digital (A/D) converter 122 and then to the mobile unit DSP 94 which separates the signal into 
voice and monitoring center data 124. The monitoring center data 124 controls the vehicle's remote operations devices, 
described previously and illustrated in Figure 6. 

The processed voice signal 126 from the mobile unit DSP 94 connects to a digital to analog converter 48. The 
digital to analog converter 48 connects to a mobile unit speaker 42, which allows the operator of the vehicle 1 0 containing 
the mobile unit 20 to hear the monitoring center technician. 

The system of the preferred embodiment may also advantageously serve multiple vehicles 10 simultaneously by 
providing multiple telephone lines into the monitoring center 12. As each subsequent call from a mobile unit 20 enters the 
monitoring center, telecommunications equipment routes the call to a base unit 102 that is waiting to receive a call. The 
scope of operation is greatly increased by adding and adjusting the number of mobile units 20 and base units 102. The 
present invention may be embodied to cover and create a nationwide or worldwide operation range, serving mobile units 
around the world. 
System Operation 

Figures 8A and BB provide a flow chart of the operation of the system of the present invention. These figures 
are described with further references to Figures 4 and 7. Block 400 shows the system in the sleep mode in which only a 
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single low power microprocessor is operating. An operator of a vehicle 10 equipped with a mobile unit 20 needing to 
contact the monitoring center 12 enters the telephone number of the monitoring center in the keypad 28 as shown in block 
404. Alternatively the vehicle occupant may actuate the monitoring center direct dial button (not shown) to automatically 
dial the monitoring center. At block 406, the mobile unit 20 analyzes the number dialed to determine if the call is to the 
monitoring center 12. If the call is not to the monitoring center 12, the standard cellular communication device 68 places 
the call and the system performs as a standard cellular telephone as shown in block 412, 416. During a call of this nature, 
i.e. not to the monitoring center 12, the mobile unit 20 does not process the voice signal and it is transmitted without 
manipulation by the DSP 94. 

If the call is to the monitoring center 12 or if the direct dial button is actuated 420 the call to the monitoring 

center is dialed as shown at block 424. 

Meanwhile, the monitoring center 12, at block 456, is in wait mode in anticipation of an incoming call. The call 
from the mobile unit, block 424, connects to the monitoring center, block 460, via an existing telephone network, shown 
as block 452. At block 464 an interrogation process occurs to determine if the call is from an authorized mobile unit 20. 
As shown at block 468, any unauthorized calls are automatically disconnected. 

Authorized calls connect to the monitoring center 12, block 472, and are converted from an analog to digital 
signal before being filtered by the base unit DSP 110, shown at block 472. As described above, the base unit 102 uses 
signal processing techniques to process the information in the call so that as the operator of the vehicle communicates the 
problem or reason for calling via the cellular telephone link the GPS data is sent simultaneously with the voice signal. 
Using this information the technician at the monitoring center 12 locates the mobile unit 20 on a digitized map stored on 
the monitoring center computer 1 04. 

The system achieves simultaneous transmission of the voice and location data with electronics within the mobile 
unit 20 and the base unit 102. Referring now to Figures 4 and 8, the voice signal enters, at block 428, from the 
microphone 40 of the cellular handset. The signal is transformed with the analog to digital converter 46 to a digital signal 
55. 

The voice signal 55 enters the mobile unit DSP 94 wherein the signal is notch filtered to remove a small portion 
of the signal at 2500 Hz, block 432. The removed notch of voice information 59 is discarded and creates a space for the 
mobile unit data 60, i.e. location data and/or data from the vehicle sensors. 

Concurrent with the DSP's manipulation of the voice signal 55, the DSP 94 at block 436 obtains the mobile unit 
location data 60 and at block 440 shapes the mobile unit data 60 to fit within the notch 59 in the filtered voice signal 57. 

Next at block 444, the DSP 94 combines the notched voice signal 57 with thB mobile unit data 60 to obtain a 
combined voice and data signal 62 that contains essentially all of the original voice signal plus the GPS data. 

As described above, the notch 59 in the voice signal 55 occurs at 2500 Hz to eliminate any noticeable 
degradation of the voice signal. The frequency of 2500 Hz is advantageously chosen because most of the important 
frequency energy of the voice signal is contained below 1000 Hz. Thus, a loss of a narrow frequency band of information 
at 2500 Hz provides an insignificant degradation to the voice signal. Furthermore, inserting the mobile unit data at 2500 
Hz reduces the introduction of additional harmonics into the cellular signal, which could interfere with transmission. 
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Selecting 2500 Hz also avoids the supervisory audio tones, around 6000 Hz, used in the management of cellular 
communication. 

The combined signal 62 arrives at the monitoring center 12 via a standard telephone line 70. The present 
invention provides for one or more base units 102 at the monitoring center 12. At the monitoring center 12 the telephone 
signal connects to the base unit 96 where, as discussed previously the call is interrogated to verify it is from an authorized 
mobile unit, block 464. The base unit 102 automatically disconnects calls from unauthorized sources to prevent system 
overload 468. 

Calls from authorized mobile units 20 enter the base unit 102. The base unit 102 converts the call to a digital 
signal with an analog to digital converter 109. At block 472 the base unit DSP 110 filters the combined signal 62 to 
separate the mobile unit data 60 from the voice signal 55. The filtered voice signal 1 1 1 is generally identical to the original 
processed voice signal 55 except for the missing notch 59 of information discarded by the mobile unit 20 to make room for 
the mobile unit data 60. The voice signal 1 11 is then converted to an analog format by an digital to analog converter 112 
before the signal is electrically transmitted to the monitoring station telephone 108, as shown at block 476. 

The GPS and any other data on the received base signal is sent to the computer 104 as shown by block 480. At 
block 484 the base unit computer 104 receives the mobile unit data 60. The computer 104 displays the information in 
conjunction with stored information regarding the mobile unit 20, vehicle 10, and vehicle operator. The computer 104 
displays a map of the area corresponding to the location of the mobile unit 20 and on the map graphically indicates the 
vehicle's location. Likewise, any data sent from the vehicle sensors appears on the computer display 106. 

At block 492 the technician at the monitoring center 12 can respond to the information from the vehicle 10. For 
example, the monitoring center 12 can provide directions, dispatch mechanical assistance, a tow truck, police, fire or 
ambulatory assistance, or assist the vehicle's occupants with other assistance. During the entire process the monitoring 
center 12 maintains continual verbal contact with the vehicle's occupants and obtains continual location data to monitor 
the vehicle's location in real time. 

As discussed above, embodiments of the system of the present invention allow for vehicle tracking or theft 
response devices. In operation, the vehicle sensors monitor the various security aspects of the vehicle 10. If a vehicle 
sensor is triggered, the actuated sensor device energizes the mobile unit 20 thereby enabling the location data receiver 26 
of the mobile unit to receive location data. One embodiment includes emergency automatic dialing device (not shown) 
which calls the monitoring center 12 and sends sensor data, location data, and a help-needed signal. Advantageously, a 
call may also be placed using a silent assistance request sensor 262 comprising a hidden, under the carpet silent switch 
that when actuated automatically and silently places a call to the monitoring center. A call placed using the silent 
assistance request sensor 262 is silent and secret to occupants of the vehicle, i.e. carjackers, and provides a special 
warning to the monitoring center that the call was placed using the silent assistance request sensor. 

Upon receiving the automatically dispatched call form the vehicle 10, the monitoring center 12 is made aware of 
the sensor data and the vehicle's location. The technician at the monitoring center 12 may take various actions. Thus, the 
technician may silently track the vehicle's movement while secretly listening to conversations within the vehicle. The 
technician may verbally query the operator of the vehicle 10 for information or to explain the vehicle sensor data. The 
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technician may dispatch police or other appropriate personal to investigate the alarm. The technician may also use the 
computer 104 to send signals to control the remote operation devices. For example, in conjunction with the police pursuit, 
the technician can signal the engine kill device 274 to stop the vehicle. 

Advantageously, the system of the present invention also provides for the monitoring center 12 initiating a call 
to the mobile unit 20. In operation, the monitoring center computer 104 calls the cellular number of the mobile unit 20. 
The automatic answering device of the mobile unit 20 automatically answers the call to form a cellular telephone link 
between the monitoring center 12 and the mobile unit. Shown in block 49B, the technician, using the monitoring center 
computer 104, may transmit control data to the remote operation devices. Thus, the monitoring center 12 can control the 
operation of the vehicle 10 by actuating the remote operation devices described previously and illustrated in Figure 5. The 
remote operation devices integrate with the vehicle's sensors to monitor and track the vehicle or to cease the operation of 
the vehicle's propulsion apparatus. 

Transmission of the combined voice and data signal to the mobile unit 20 from the monitoring center 12 is 
achieved in the same fashion as data transmission from the mobile unit to the monitoring center. At blocks 500 and 504 
the voice of the technician at the monitoring center 12 enters the mouth piece of the monitoring center telephone 108, 
where, upon being converted to an electrical voice signal, it is converted to a digital signal by an analog to digital converter 
118 and processed in accord with the previously described notch filtering method. At block 508 the signal 130 from the 
computer 104 combines with the telephones voice signal 132 and at block 512 is sent over the telephone network 512. 
The combined signal arrives at the mobile unit via the land and cellular telephone system. 

At block 516 the mobile unit 20 receives the base unit combined signal 140 and directs the incoming signal to an 
analog to digital filter 122 before connecting to the mobile unit DSP 94, shown at block 520. The DSP 94 separates the 
signal into the incoming voice signal component at block 524 and the incoming computer generated signal component 124 
at block 532. The voice signal undergoes conversion from a digital format to an analog format in the digital to analog 
converter 48. At block 528 the voice signal is sent to the cellular telephone speaker 42 so that it can be heard. The 
mobile unit 20 directs the signal from the computer 124 to the remote operation devices 50, shown as block 536, to 
initiate operation. 
Data Packet Synchronization 

An advantage, of the present invention is that it overcomes inefficiencies in the method of sending data in the 
prior art. Figure 9A illustrates the arrangement of data transmission in the prior art. When sending data via telephone 
lines 70 using standard modem technology the first part of the signal comprises a preamble 150. The preamble provides a 
signal to synchronize communication between two communication devices. Next, a synchronization word 152 readies the 
modem communication device for the payload data that follows. The payload data 154 is the mobile unit data 60 or the 
computer generated signal 130 from the monitoring center. In systems of the prior art, the duration of actual data 
transmission is reiationally large compared to the duration of the preamble 150 and the synchronization bit 152. 

With the present invention, the duration of payload transmission is reiationally short compared to the duration of 
preamble and synchronization bit transmission. A long preamble is advantageous because of the relatively poor signal to 
noise ratio provided by the cellular network. Thus, when sending small amounts of information the method of the prior art 
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would typically necessitate allotting a greater percentage of time for sending the preamble 150 and synchronization word 
152 than for sending the payload 154. The present invention uses a substantially more efficient method of sending data 
which is illustrated by Figure 9B. This preferred embodiment advantageously utilizes reverse time demodulation to obtain a 
received signal. Advantageously, the invention first transmits several payloads 154 (where each payload includes forward 

5 error correction (FECI bits), followed by a link layer overhead (LLO) field 156 (also including FEC bits) and finally a 
synchronization word 152. The data in the payloads is randomized using a key contained in the LLO field 152. 

The receiving DSP samples the received waveform and stores the samples in a buffer. At some point, usually 
during the LLO field 156, the DSP has buffered enough samples to allow it to achieve synchronization. The DSP continues 
to read the input data stream until it has obtained the sync word 152. Once the DSP has obtained the sync word 152, 

1 0 then it can go back and demodulate the LLO field 1 56 to obtain the information needed to decode the payloads. The DSP 
then demodulates and decodes the data payloads 154. Demodulation is easily performed between each burst of received 
data. Once the data payloads are demodulated the data, is de-randomized and corrected for errors using the FEC bits. 

Using this method and apparatus, the present invention is able to continually send short bursts of location data 
and demodulate the same immediately after reception. The DSP is able to demodulate the information in a short time 

1 5 period when compared to the time required to receive the information. Data packets may be of varying length, and the LLO 
packet may contain a field, which specifies the data packet length. However, the data packet should be long enough such 
that the DSP can achieve synchronization before arrival of the synchronization word 152. In a preferred embodiment, the 
time from the beginning of the first payload 154 to the synchronization word 152 is typically 1.8 seconds for a GPS 
position report. 

20 In a preferred embodiment, the FEC bits attached to the payload packets 154 are Reed-Solomon codes, and the 

FEC bits attached to the LLO packets 156 are goalie codes. 

It is theoretically possible, albeit unlikely, that data in a data packet 154, or in the LLO packet 156, could have 
the same bit pattern as the synchronization word 152. In an alternative embodiment the data in the data payloads 154 is 
randomized so that even if one data packet is erroneously identified as a synchronization word, the following data packets 

25 (which may be randomized differently) will contain different bit patterns and thus not match the synchronization word. 
The data in the data payloads 154 is randomized before transmission by using a pseudo-random code sequence. The 
pseudo-random code is generated by a pseudo-random number generator from a seed value. The seed value is then sent 
with the data payloads 154 as a field in the LLO packet 156. In a preferred embodiment, a different seed value is used for 
each LLO packet 156. After demodulation, the DSP 94 uses the seed to generate a reconstructed pseudo-random code 

30 sequence that is identical to the pseudo-random code sequence originally used to randomize the payloads 154. The 
reconstructed pseudo random code sequence is then used to de-randomize the data in the data payloads 154. In a 
particularly preferred embodiment, the randomization and subsequent de-randomization is accomplished by using an 
exclush/e-or operation to combine the data-payloads 154 with the pseudo-random code sequence. 
SiriRtnne Echo Cancellation 

35 Another important feature of the present invention is that it overcomes the complications resulting from sidetone 

and echo introduced by telephone service providers. The sidetone is removable, as is the noise since it is uncorrected and 
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statistically stationary, however, the data echo is more difficult to remove. In particular, if both the mobile unit 20 and the 
base unit 12 transmit data at the same time, the resulting echo interferes with the data exchange process. 

The present invention overcomes this problem by using time division multiplexing (TDM) of the data channel. 
Thus, only one unit, either the base or the mobile, is transmitting at any given time. The transmitting unit will not see any 
echoes because it will not be receiving data during its transmitting period. Likewise, the receiving unit will not see any 
echoes because it will not be transmitting during its receiving time periods. 

Figure 10 illustrates the basic operation of the transmission request detector of the present invention. Figure 10 
shows a series of sequential time intervals 100M007. During a mobile transmission time interval 1001, the mobile unit 
20 transmits, and the monitoring station 12 receives data from the vehicle (e.g. a GPS position report). Immediately 
following the mobile transmission time interval 1001 is a mobile listening time interval 1002. During the mobile listening 
time interval 1002, no data is transmitted by the mobile unit 20, and the mobile unit 20 goes into a listening (receiving) 
mode, immediately following the mobile listening time interval 1002 is a mobile transmission time interval 1003. If no 
data is received by the mobile unit 20 during the mobile listening time interval 1002, then the mobile unit transmits another 
GPS position report (or other data) during the time interval 1003. This process of transmitting, followed by listening is 
repeated by the mobile unit 20 until, during a listening time interval 1004, while the mobile unit 20 is again in a receiving 
mode, the monitoring station 1 2 sends a transmit request message. The transmit request message causes the mobile unit 
20 to remain in the listening mode during the subsequent time interval 1005 while the monitoring station 12 transmits 
data to the mobile unit 20. Once the monitoring station 12 has finished it's transmission, then the mobile unit 20 resumes 
it's normal sequence of transmitting followed by listening operations in the subsequent time intervals. 

Thus for data transmission the network is full duplex in the large sense (because data can be transmitted in both 
directions) but not in the small sense (because only one side can transmit at any one time). For voice communication the 
system is full duplex since communication between the monitoring center 12 and the occupant of the vehicle 10 may occur 
simultaneously. The monitoring station is slaved to the mobile unit 20. The monitoring station 12 can only send a 
transmit request message immediately after the mobile unit 20 has sent a message. Thus, the mobile unit must send 
messages to the monitoring station on a regular basis. Under normal operating conditions, the mobile unit will send new 
data approximately once every 1.8 seconds. When the mobile unit does not have any information to send (e.g. because the 
GPS receiver is malfunctioning or the vehicle 10 is in a tunnel) then it must send fill packets. The fill packets contain no 
useful data (e.g. the data in a fill packet could be ail zeroes). The data in a fill packet is ignored by the monitoring station 
12, but receipt of a fill packet keeps the mobile unit 20 and the monitoring station 12 in synchronization and aid in 
maintaining the communication channel. 

Data packets sent by the mobile unit 20 or the monitoring station can be of varying length as discussed in the 
previous section. In a preferred embodiment, the mobile transmitting time intervals (e.g. 1001, 1003) are approximately 
1.8 seconds in length, the mobile listening time intervals (e.g. 1002) are 200 to 300 milliseconds in length. Also in the 
preferred embodiment, the transmission request message sent by the monitoring station 12 is simply 200 to 300 
milliseconds of unmodulated data carrier (a 2500 Hz sine wave). 
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Wake-up Window Timing for Reducing Power Consumption 

In one embodiment, when the vehicle 10 is left unattended the GPS receiver 26 and the cellular transceiver 68 
are typically turned off to conserve power. However, the GPS receiver 26 and the cellular transceiver 68 will turn on 
(wake-up) periodically for a period of time known as a wake-up window (a relatively short time period). For example, in one 
embodiment, the wake-up windows are roughly 2 minutes long and occur at 20-minute intervals. During the wake-up 
window, the monitoring center 12 can call the vehicle 10 and, if necessary, unlock the vehicle doors, Hash the vehicle 
lights, honk the vehicle horn, update a clock in the vehicle 10, etc. 

Typically, a clock in the monitoring center computer 104 is accurate, often to within ±100 ppm (parts per 
million) or better. In one embodiment the monitoring station 12 is provided with an accurate time reference that maintains 
the accuracy of the clock in the monitoring station. Suitable time references for the base station clock include, for 
example, a GPS receiver, a receiver that receives time-base signals from the government radio station WWV, an atomic 
clock, a clock attached to and updated by a computer network such as the Internet, etc 

A clock is also provided in the vehicle 10, typically as part of the PIC processor 27 in the mobile unit 20. 
Typically, the vehicle clock is not as accurate as the clock in the monitoring station 1 2. Even when the clock in the vehicle 
10 and the clock in the monitoring center 12 are accurate clocks, the combined drift (i.e., the accumulated error) between 
the two clocks can be on the order of a few minutes per week. 

A feature of this invention is that it keeps the clocks in the vehicle 10 and the monitoring center 12 relatively 
synchronized so that the monitoring center 12 will know when the vehicle 10 is awake and when it is not. 

If the vehicle 10 is positioned so that it receives data from GPS satellites, then the clock in the vehicle can be 
updated by using a time reference available from the GPS receiver 26 and drift is minimaMhe clocks will stay relatively 
synchronized due to the accurate time-base provided by GPS. If, however, the vehicle 10 is positioned in an area, such as 
a parking garage, where it does not receive data from GPS satellites, then in some instances, drift in the vehicle clock will 
cause the vehicle clock to become out of synchronization with respect to the clock in the monitoring center 12. When the 
clocks are out of synchronization, the communication window will be missed because the monitoring center 12 and the 
vehicle 10 will expect the wake-up window to occur at different times. To combat this drift, in one embodiment the 
length of the wake-up window is set to accommodate an expected worst-case drift in the vehicle's clock. 

As stated, when the vehicle 10 does not have access to GPS signals, the clock in the vehicle will, potentially, 
drift with respect to the clock in the monitoring station 12. In one embodiment, the vehicle compensates for this drift by 
slowly lengthening the wake-up window. The extent to which the wake-up window is lengthened is determined, in part, 
by the expected worst-case drift in the vehicle's clock and the amount of time since the last communication with the 
monitoring station 10. Thus, for example, if the clock in the vehicle drifts by up to ±2 min per week, and it has been one 
week since the last communication with the monitoring station, then the wake-up window in the vehicle 10 is lengthened 
about its middle by an additional 4 minutes per week such that the window starts earlier and ends later. When 
communication with the base station 12 does finally occur, the base station 12 updates (resynchronizes) the clock in the 
vehicle 12 and the wake-up window is set back to its original value. 
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The use of a slowly increasing wake-up window reduces power consumption of the mobile unit 20. The energy 
consumed per communication with the base station 12 (i.e., the energy consumed per call), including the energy consumed 
during wake-up periods when no call occurs, is given by the equation: 

E c - VI C B + V^B + eOK^MVI^IN + D 
V is the battery voltage in volts, N is the number of wake-up windows prior to making the call, is a clock error in ppm, 
^ is the current (in amperes) drawn by the mobile unit 20 during a wake-up (with no call), l c is the the current (in amperes) 
drawn by the mobile unit 20 during a call, M is the time in minutes between wake-up windows, and B is the base 
(shortest) length of a wake-up window in seconds. 

The energy consumed per call due to standby mode is given by the equation: 
E, « 60MnVl nb - BNVI„ b - OOMK^VI J\I(N + 1 ) 
Where 1^ is the standby current (in amperes) drawn by the mobile unit 20. 

The average power (in watts) consumed by the mobile unit 20 is given by the equation: 

P m -(E C + E,)/(60IVIN) 
The average current consumed by the mobile unit 20 is given by the equation: 

L-P.JV 

Figure 1 1 is a plot showing the average current l m drawn by the mobile unit 20 as a function of the number of days since 
the last communication with the base station 12. The average current increases over time because of the increased 
current drawn by the longer wake-up windows. 
Noise Limiting of Voice Signals 

The mobile unit 20 uses codecs 338 and 336 (shown in Figure 6) to convert data between analog and digital 
representations. When a voice signal from the handset 39 exceeds the range of the codec 338, the signal encounters 
clipping and possibly other undesirable non linear distortions that can corrupt the audio and digital data. In one 
embodiment, the distortions are reduced by the limiter 41 (shown in Figure 4) interposed between the handset 39 and the 
codes 338. The limiter 41 limits signal amplitude and reduces spectral growth caused by non linear distortions. The 
limiter also provides data transmission that is relatively independent of background noise or other effects (e.g., a dropped 
or mishandled handset 39). 

One embodiment of a suitable limiter 1200 is shown in Figure 12. An input 1202 of the limiter 1200 is provided 
to a first terminal of an input resistor 1206. A second terminal of the input resistor 1206 is provided to an inverting input 
of an operational amplifier (op-amp) 1208. A non-inverting input of the op-amp 1208 is provided to ground, and an output 
of the op-amp 1208 is provided to an output 1204 of the limiter 1200. A first terminal of a feedback resistor 1210 is 
provided to the output of the op-amp 1208 and a second terminal of the feedback resistor 1210 is provided to the inverting 
input of the op-amp 1208. 

A first terminal of a back-to-back pair of diodes 1212 and 1214 is provided to the inverting input of the op-amp 
1208, and a second terminal of the of the back-to-back pair of diodes 1212 and 1214 is provided to a first terminal of a 
resistor 1216. A second terminal of the resistor 1216 is provided to the output 1204. A first terminal of a back-to-back 
pair of diodes 1220 and 1218 is provided to the inverting input of the op-amp 1208, and a second terminal of the of the 
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backto-back pair of diodes 1220 and 1218 is provided to a first terminal of a resistor 1221. A second terminal of the 
resistor 1221 is provided to the output 1204. Figure 12 shows the diode 1220 as a composite diode provided as a series 
connection of two diodes (thereby providing twice the forward voltage drop of a single diode). The diode 1218 is also 
shown as a composite diode. The composite diodes 1220 and 1218 have a higher forward voltage drop than the diodes 
1212 and 1214. Other methods can be used to provide a larger forward voltage drop, including, for example, the use of 
zener diodes. 

When the magnitude of the voltage between the inverting input of the op-amp 1208 and the output 1204 is less 
than the voltage drop across the diodes 1212 and 1214, then the resistor 1210 is the feedback element that sets the gain 
of the limiter 1200 (in connection with the input resistor 1206). When the magnitude of the voltage between the inverting 
input of the op-amp 1208 and the output 1204 is greater than the voltage drop across the diodes 1212 and 1214, then 
the resistor 1216 is approximately in parallel with the feedback resistor 1210 and the gain of the limiter 1200 is reduced. 
When the magnitude of the voltage between the inverting input of the op-amp 1208 and the output 1204 is greater than 
the voltage drop across the diodes 1220 and 1218, then the resistors 1216 and 1221 are approximately in parallel with 
the feedback resistor 1210 and the gain of the limiter 1200 is further reduced. Thus, the gain of the limiter is relatively 
smaller for relatively larger input voltages. Figure 13 shows the voltage at the output 1204 plotted as a function of the 
voltage at the input 1201 Figure 13 shows that the limiter 1200 is a soft limiter that provides a slowly decreasing gain 

as the input voltage increases. 

In an alternate embodiment, the mobile unit 20 provides a low-power "pager" mode wherein the transceiver 68 
includes a pager function having a pager ID code. The pager function allows the transceiver 68 to listens to pager 
frequencies while consuming very little power. When the transceiver detects a pager call to its ID code, the transceiver 
68 sends a signal to the PIC processor 27 and the PIC processor initiates a wake-up window. 
Wideband Data Mode 

A feature of another embodiment of the invention is a wideband data mode that can be automatically selected by 
computer processors in the mobile unit 20 and the base station 12. During this wideband mode, normal voice 
communication is suspended and the cellular telephone channel is used to transmit digital data. The wideband mode can 
be initiated by commands sent over the data channel provided during simultaneous voice/data communications as described 
above. 

Figure 14 is a functional block diagram showing the operation of the mobile unit 20 during the wideband mode 
(Figure 14 uses reference numbers from Figure 4 for elements that are common to both figures). In Figure 14, an analog 
data output from the cellular transceiver 68 is provided to the analog input of the A/D converter 122. The digital output of 
the A/D 122 is provided to a data input of a demodulator 1402. A data output of the demodulator 1402 is provided to a 
wideband data-out line 1410. A wideband data-in line 1411 is provided to a data input of a modulator 1406. A data 
output from the modulator 1406 is provided to a digital data input of the D/A 123. The analog data output of the D/A 123 
is provided to an analog input of the cellular transceiver 68. A timing generator 1404 generates timing and control signals 
for the demodulator 1402 and the modulator 1406. In a preferred embodiment, the demodulator 1402, the timing 
generator 1404, and the modulator 1406 are implemented as software in the DSP 94, as shown in Figure 14. 
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As shown in Figures 4 and 14, the output from the microphone 40 in the handset 39 is provided to an analog 
input of the A/D 46. The digital output from the A/0 46 is provided to the DSP 94. A digital output from the DSP 94 is 
provided to the digital data input of the D/A 48. The analog output from the D/A 48 is provided to a loudspeaker 42 in the 
handset 39. During the wideband mode, DSP 94 ignores (mutes) the digital data provided by the A/D 46. Also during the 
5 wideband mode the DSP generates a "comfort tone" or beep using a software tone generator 1409 and provides the 
comfort tone to the 0/A 48. The comfort beep is played on the loudspeaker 42 to let the user know that the systems is 
sending data. 

The modulator 1406 modulates input data provided at a desired data rate, such as, for example 4800 baud, onto 
a carrier signal suitable for transmission on a cellular telephone. The demodulator 1402 demodulates a signal received 

1 0 from the cellular transceiver 68 into a data stream at a desired data rate, such as, for example 4800 baud. 

The wideband data mode is used, for example, to send diagnostic data about the operation of the vehicle 10. 
The diagnostic can be used by a manufacturer of the vehicle 10 for remote diagnosis of problems in the vehicle. In one 
embodiment, the diagnostic data includes engine data obtained from an engine in the vehicle. The engine data includes, for 
example, input air temperature, water temperature, oil pressure, throttle position, input air flow, exhaust gas temperature, 

1 5 crankshaft speed, oxygen in the exhaust gas, error codes from an engine control processor, etc. 

In yet another embodiment, the wideband data mode can be used in lieu of any voice communication mode. 
Such a full-time data mode is useful in situations where the monitoring station 12 is communicating with the vehicle and 
no communication with an occupant of the vehicle is desired, such as , for example, when the vehicle is unattended, when 
the vehicle is stolen, when an occupant has activated an emergency/help feature, etc. In one embodiment, when a vehicle 

20 is reported stolen, the monitoring center 12 calls the mobile unit 10 and instructs the mobile unit to provided continuous 
position updates (e.g., a position update several times per minute) using the wideband data mode. The monitoring station 
12 receives the continuous position updates and forwards the position information to the police. 
Digital Communication Systems 

Digital voice communication systems (e.g., Digital Cellular systems) often use speech compression algorithms 

25 such as Code Excited Linear Prediction (CELP), Adaptive Code Exerted Linear Prediction (ACELP) and the like. Compression 
algorithms often cause spectral growth and other spectrum spreading effects to occur. Spreading caused by compression 
can, in some systems, cause the bandwidth of the data notch 60 shown in Figure 5B to grow larger than the 
corresponding gap 59 in the voice spectrum shown in Figure 5A. Because of spreading due to compression, on the receive- 
side (either in the mobile unit 20 or in the base station 12) the received digital data portion of the signal will have a 

30 bandwidth larger than the bandwidth shown in Figure 5B. Thus, in one embodiment, the receiver data notch filter is 
provided with a bandwidth that is relatively larger than the bandwidth of the transmitter data notch filter. 

Figures 15A-E show aspects of the filter transfer functions used in one digital system. Figure 15A, corresponds 
to Figure 5A, and shows a spectrum at the output of the notch filters 74 and 76 (the notch filters are shown in Figure 4). 
Figure 15A shows a band-limited spectrum having a lower cutoff frequency of roughly 300 Hz, and an upper cutoff 

35 frequency of roughly 3000 Hz, with a narrow spectral notch, approximately 200 Hz wide, at 2500 Hz. Figure 15B 
(corresponding to Figure 5B) shows a spectrum at the output of the modulator 69 (from Figure 4) having a narrow spectral 
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line 60 centered at 2500 Hz and having a bandwidth of approximately 200 Hz. Figure 15C (corresponding to Figure 5C) 
shows a spectrum at the output of the adder 58 being the sum of the waveforms shown in Figures 1 5A-B. 

Figures 15A-C illustrate the waveforms on the transmitting side. On a typical analog telecommunications 
system, the waveforms shown in Figure 15A-C would arrive at the receiving side substantially unchanged. However, on a 
digital cellular system that uses CELP/ACELP compression, the compression will often cause bandwidth of the spectral line 
60 to expand. Thus, on the receive side of a digital cellular system, the filter that selects the data portion of the waveform 
desirably uses a broader bandwidth than the filter used on the transmit side. The total spectrum of the combined 
voice/signal is not significantly changed, thus, Figure 15C, also shows the approximate spectrum of the received combined 
voice/data signal. Figure 15D shows the spectrum of a receiver filter used to extract the voice portion of the received 
combined signal. Figure 15E shows one embodiment of the spectrum of a receiver filter used to extract the data portion of 
the received combined signal. Figure 15E shows the spectrum of a passband filter that passes signals in a spectral region 
150Z The bandwidth of the spectral region 1510 is broader than the bandwidth of the spectral line 60 because of the 
spreading caused by compression. Also note that the bandwidth of the notch in Figure 15D is relatively larger than the 
bandwidth of the notch shown in Figure 15A. 
Hiohoass and Lowpass 

In an alternative embodiment, illustrated in Figure 16, the available channel bandwidth (e.g., the band of 
frequencies from approximately 300 Hz to 3 kHz shown in Figure 5A) is separated into a high band 1604 and a low band 
1602 at a cross-over point fc. A lowpass filter is used to extract the low band 1602, and a high pass filter is used to 
extract the high band 1604. Alternatively, bandpass filters may be used in place of the low pass or high pass filters. One 
band is used to transmit voice information, and the other band is used to transmit data. In one embodiment, the cross-over 
point is set at approximately 2500 Hz, and the high band 1604 (the band of frequencies from approximately 2500 Hz to 
approximately 3000 Hz) is used to transmit data and the low band 1602 (the band of frequencies from approximately 300 
Hz to approximately 2500 Hz) is used for voice. 

The use of a band, such as the high-band 1604, for transmitting data (rather than a narrow notch) allows higher 
data transmission speeds. The usb of a band for transmitting data also provides some immunity from distortions produced 
by CELP/ACELP compression. 
Other Embodiments 

Although the preferred embodiment of the present invention adopts digital signal processing technology, other 
means are available for filtering and combining the voice signal with the data signal. A DSP is advantageously chosen 
because DSP's provide numerous and more accurate filtering capabilities. The DSP 95, 110 of the present invention 
performs the equivalent to 12th order filtering on the voice signal. 

One embodiment uses BPSK modulation. Other modulation types of modulation including, for example, 
Quadrature PSK (QSPK) and eight-way PSK (8PSK), Quadrature Amplitude Modulation (QAM) etc., can be used as well. 

Multiple access (multiple data channels) and/or higher data rates can be provided through Frequency-Division 
Multiple Access (FDMA), Time-Division Multiple Access (TDMA), and Code-Division Multiple Access (CDMA). FDMA is 
easily provided by using multiple notches. In one embodiment, notches are provided at, for example, 2000 Hz, 2300 Hz, 
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and 2600 Hz. Each notch provides an independent data channel. The multiple channels can be used separately, or the 
multiple channels can be aggregated to produce a few channels with higher data rates. 

The data bits can be collected into groups and coded using codes, such as, for example, convolution codes, MEI 
codes, and the like, to provide higher data rates or to reduce transmission errors. 
5 In another embodiment, the system provides for cellular calling means built into the mobile unit. This 

embodiment provides a system for the user to contact the monitoring station by actuating a button or hidden silent 
emergency button. 

The preferred embodiment provides for the present invention to integrate with an automobile 10, however, 
vehicles besides an automobile can be embodied using the invention taught herein. For example, the mobile unit of the 
10 present invention could provide for communication and tracking of individuals, bikers, recreational vehicles, dog-sleds, 
boats, ships, planes, balloons, or spacecraft. 

In a different embodiment the monitoring center 12 could be mobile, either on an automobile, truck, boat, plane, 
train, helicopter, or space craft, wherein the monitoring center receives the call via a cellular telephone or radio link and 
responds accordingly. 

15 | n y e t another embodiment, the mobile unit 20 is configured to be a portable unit, preferably in a handheld unit. 

Advantageously, configuring the system as portable unit provides for an individual to carry the mobile unit 20 either in their 
hand or on their body. A portable embodiment of the present invention allows an individual to simultaneously transmit 
voice communication and location data to a monitoring center 12. A portable unit is especially advantageous for to locate 
individuals needing emergency police or medical assistance, or directions when lost. Such a system could also be used in 

20 conjunction with a vehicle-based system to assist an individual in finding their vehicle. In addition, pseudo satellites, which 
provide GPS signals to areas not otherwise exposed to GPS signals, further enhance the operation of a portable 
embodiment of the present invention. 

It will be understood that the above described arrangements of apparatus and the method therefrom are merely 
illustrative of applications of the preferred embodiment and it is not intended to limit the scope of the invention to the 

25 particular forms set forth, but on the contrary, it is intended to cover such alternatives, modifications and equivalents as 
may be included within the spirit and scope of the invention as defined by the claims. 



WO 00/37960 



PCT/US99/30840 



J 

WHAT IS CLAIMED IS : 

1. A system for providing a wake-up window of sufficiently short duration so as to limit power 
consumption of a vehicle transmitter-receiver located within a vehicle, but of a sufficiently doing duration that an 
information signal from a base transmitter-receiver located at a remote monitoring center is received by said vehicle 
transmitter-receiver, said system comprising: 

a first digital clock located within said vehicle and connected to said vehicle transmitter-receiver, said first digital 
clock configured to tum on a receiver portion of said vehicle transmitter-receiver at selected intervals for a wake-up 
window, the length of said wake-up window being selectively variable at said vehicle in accordance with an amount of 
time that has elapsed since a last communication between said vehicle transmitter-receiver and said base transmitter- 
receiver; and 

a second digital clock located at said remote monitoring center, said remote monitoring center connected to said 
second digital clock for enabling said base transmitter-receiver to communicate with said vehicle transmitter-receiver 

during said wake-up window 

2. A system for providing a wake-up window of sufficiently short duration so as to limit power 
consumption of a transmitter-receiver on a vehicle, but of a sufficiently long duration that an information signal from a 
remote monitoring center is received at said vehicle, comprising: 

a first digital clock located within said vehicle and connected to a receiver on said vehicle to turn on said receiver 
at selected intervals and for a selectivity variable wake-up window; 

a second digital clock located at said remote monitoring center; and 

a transmitter-receiver at said remote monitoring center connected to said second digital clock, said second digital 
clock configured to enable transmissions from said remote monitoring center to said receiver within said wake-up window 
interval. 

3. A system for providing a wake-up window of sufficiently short duration so as to limit power 
consumption of a transmitterreceiver within a vehicle, but of a sufficiently long duration that an information signal from a 
remote monitoring center is received at said vehicle, comprising: 

a digital clock located within said vehicle and connected to a receiver within said vehicle to turn on said receiver 
at selected intervals for a selectivity variable wake-up window; and 

a global positioning system (GPS) receiver within said vehicle and operably coupled to said digital clock so that a time 
signal provided by GPS is provided to update said digital clock. 

4. The system of Claim 3, wherein said monitoring center initiates a wake-up window by sending a radio- 
frequency pager information signal to said vehicle. 

5. A vehicle tracking and security system having simultaneous voice and data communication with a 

remote monitoring center comprising: 

a microphone within said vehicle producing a voice signal; 

a global positioning system (GPS) receiver with said vehicle producing location data corresponding to 
the location of said vehicle; 
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a filter coupled to said microphone for deleting a narrow band of voice frequencies; 

a first signal processor coupled to said filter and to said GPS receiver for combining said location data 
with said voice signal within said narrow band of deleted voice frequencies; 

a cellular radio transmitter coupled to said combined voice and data signal for transmitting 
simultaneously said voice and data signals from said vehicle through a conventional cellular and telephone 
network to said remote monitoring center, said cellular radio and said GPS receiver operating in an active mode 
during a periodic wake-up window, said cellular radio and said GPS receiver operating in a standby mode during 
periods between said wake-up window; 

a second signal processor at said remote monitoring center for separating said voice and said location 
data signals; and 

a telephone coupled to said second signal processor to provide voice communication between said 
remote monitoring center and said vehicle during said wake-up window. 

6. The vehicle tracking and security system of Claim 5, further comprising a first clock in said vehicle and 
a second clock in said remote monitoring center. 

7. The vehicle tracking and security system of Claim 6, wherein said first clock is updated by said GPS 

receiver. 

8. The vehicle tracking and security system of Claim 7, wherein said second clock is updated by a second 
GPS receiver. 

9. The vehicle tracking and security system of Claim 6, wherein said first clock is updated by said second 

clock. 

10. The vehicle tracking and security system of Claim 9, wherein the length of said wake-up window is 
lengthened over time during periods between updates of said first clock and said second clock. 

11. A vehicle data communication system comprising: 

a signal processor connected to said receiver and said sensor unit, said signal processor processing 
said location data signal and said vehicle information; 

a communication device connected to said signal processor, said communication device configured to 
transmit said data; and 

a microprocessor operatively coupled to said signal processor and to said communication device, said 
microprocessor configured to periodically wake-up said signal processor and said communication device during a 
wake-up window, said microprocessor further configured to adjust a length of said wake-up window to 
compensate for drift in a clock in a mobile unit. 

12. A system for communication and tracking using a communication network comprising: 
a receiver for obtaining location information; 

a voice communication device for obtaining a voice signal; 

a processor for packaging for transmission said location information within said voice signal; and 
a transmitting device which transmits said location information and said voice signal; 
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13. The system of Claim 12, wherein said communication device comprises a microphone and a limiter to 
limit a signal produced by said microphone. 

14. The system of Claim 1 2, wherein said location information comprises signals from satellites. 

1 5. The system of Claim 1 2, wherein said transmitter is configured to continuously send the location data. 

16. The system of Claim 12, wherein said communication signal is soft-limited, and wherein the location 
data and the communication signal are combined and sent simultaneously as a combined signal such that when the 
combined signal is decoded the audibility of a communication signal comprising voice is comprehendible. 

17. The system of Claim 16, wherein said combined signal comprises a low band containing said 
communication and a high band containing said location data. 

1 8. A system for communicating with a vehicle comprising: 

a position receiver configured to determine a position of said vehicle; 
a voice communication system; 

a processor configured to combine position data from said position receiver and voice data from said 
voice communication system into a combined signal wherein said combined signal comprises said position data 
and said voice data during a first time period and said combined signal comprises said voice data during a second 
time period; and 

a transmitter configured to transmit said combined signal to a monitoring center. 

19. A system for communicating with and tracking a vehicle comprising: 

receiving means for receiving data from which the location of said receiving means is determinable; 
input means for obtaining vehicle information; 

processing means connected to said receiving means and said input means for combining said received 
data from said receiving means and said vehicle information from said input means into a combined signal 
wherein said combined signal comprises said received data during a first time period and said combined signal 
comprises said vehicle information during a second time period; and 

transmitting means connected to said processing means for transmitting said combined signal to a 
monitoring center. 

20. A method of tracking and communicating with a vehicle comprising the steps of: 
receiving vehicle data; 

obtaining communication from a vehicle occupant; 

combining said location data within the frequency spectrum of said communication to form a combined 
signal wherein said combined signat comprises said vehicle data during a first time period and said combined 
signal comprises said communication during a second time interval; and 

transmitting said combined signal to a monitoring center. 

21. The method of Claim 20, including the step of said monitoring center receiving said combined signal 
and separating said vehicle data from said communication. 

22. The method of Claim 20, wherein said vehicle data comprises location data. 
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23. The method of Claim 20, wherein said vehicle data comprises engine data. 

24. A vehicie tracking and security system having simultaneous voice and data communication with a 
remote monitoring center comprising: 

a microphone within said vehicle producing a voice signal; 

a global positioning system (GPS) receiver within said vehicie obtaining location data corresponding to 
the location of said vehicle; 

a first signal processor coupled to said microphone and said GPS receiver, said signal processors 
deleting a narrow band of voice frequencies from said voice signal and combining said location data with said 
voice signal where said narrow band of voice frequency was deleted; 

a microprocessor coupled to said GPS receiver and said first signal processor which places the system 
in sleep mode to conserve power and during varying times energizes said GPS receiver and said first signal 
processor; 

a cellular radio transmitter coupled to said combined voice and location data signal for transmitting 
simultaneously said combined voice and location data signals from said vehicle through a conventional cellular 
and telephone network to said remote monitoring center; 

a second signal processor at said remote monitoring center for separating said voice and said location 
data signals; and 

a telephone coupled to said second signal processor to provide voice communication between said 
remote monitoring center and said vehicle. 

25. The vehicle tracking and security system of Claim 24, wherein said sleep mode comprises a state of 
low power usage wherein said GPS receiver, said first signal processor and said cellular radio transmitter do not consume 
power. 

26. The vehicle tracking and security system of Claim 24, wherein a length of said varying times is 
adjusted to compensate for drift in a clock operatively coupled to said microprocessor. 

27. The vehicle tracking and security system of Claim 24, wherein said second signal processor separates 
said location data signal using a filter having a bandwidth relatively wider than said narrow band of voice frequencies. 
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